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TECHNICAL MEMORANDUM 


THE HUMAN ROLE IN SPACE 


I. INTRODUCTION 


The beginnings of the Space Shuttle era in the early I980's introduces efficient 
and frequent access to space. This economy of space access has to be matched with 
an equix^ent economy of space mission activities. 

In view of the numerous space activities planned beginning in the mid-1980's 
;»nd beyond, the question of extreme economy in performance, life cycle, and cost of 
these missions is of foremost importance. This has generated a need to ofine specific 
requirements for the future human role in space with the overall goal to achieve an 
optimum mix betwem:i human and machine. 

Throughout the past decades of space flight , humans have set precedents of 
extraordinary acoomplishaients in space. The Apollo and Skylab programs were major 
milestones where human intervention and performance were vital to mission success. 
However, this era ended seven years ago with the joint Apollo-Soyuz mission. Since 
then only automated spacecraft continu^ to provide communication links, environ- 
mental and scientific information, and to explore the solar system. This constituted 
a temporary hiatus in manned spaceflig^ht in the United States, but not in the U.S.S.R. 
We needed the respite to concentrate attention on the Shuttle which was a bold 
comroittroent to manned spaceflight. 

With the advent of the Space Shuttle. NASA aims at a balanced space program 
that will include both manned and automated space missions with the goal of approach- 
ing a proper mix between humans and machines for each mission. This requires a 
rational approach in utilizing the unique human capabilities in space for the greatest 
economy in carrying out planned missions. 


II. BACKGROUND 


In 1980 the Director of Advanced Programs in the Office of Space Transportation 
Systems noted that: 

"In considering our current advanced projects line-up. it has become apparent 
that we will quite likely be required soon to provide a stronger rationale for the role 
of man in the evolutionary development of our space capabilities up to and including 
the permanent manned facilities. At present, we have little systematic data useful 
toward that objective." [1] 

He proceeded to request an in-house analysis that was to systematically address four 
areas in sufficient depth to support longer range plans. These were: 



OF P<X« QIIMJTY 

1) The preferred roiee for hiHieft^ projects. 

2) A eetep«i»^i0A ef Ihft ^ly Id bf best performed by huoiaiui 

versus htmuis vl» ti l ii pere^ vereiui euteuHtted rpnote operatioiis for each 

erf our projects, and in ■ 

3) An extraction of the likely ieq;>lioitliHi8 on support equipment and habitation 
needs fo terms of voliaae. po«er» oonUguration, etc. 

4) An aaeeeement of the potential finr such needs to be met by growth of the 
Shuttle and Spaoelab wane new hsbitatkm modtdes and vehitdes. 

, vSnbeequently, additional fuidri8ntfe [9] pointed out the need for a quantitative 
asa^mment of the future huaum role in sfwea. Theee were (iif ahlsm^^ed form): 

1) Develop a "atTweman* arfaalaa>madel for a SS^year ^pen, baaed on the 
cumit Ten Year yian FY lai^lt Mik enfonaiBn in tSMX 

2) Develop firat-eut prsfoel tja a din a a and an ovendl tiaHittae^for t he 

uiauBwd miaeiicm model wMoh will place the fonethma tdfoittftad for anal ffonfoa 
mactatne into a schedule relatione Idp. 

. 3> Develc^ men- hour cstimatee , skill reqidreamits, etc. , to quantify the 
degree of human invoivMient to the timelined ndaeioR model. 

4) From quantitative data pool, generate toforsMdien ndative to mm^Mr ef 
peopto. support requireamts, cdher "oe^ai bmiliB^ feetore, etc. , thad motSd mable 
us ^ develop the rationale for permaneiU manned fodhtlee to JMO and CSO. 

Based on these guidelines an in-house study was carried out. The study method 
procedures and results are described in this report. 


III. STUDY OBJECTIVE 


The objective of the study is to provide a more solid basis for NASA's future 
space program planning with an evaluation of the rolea of humans and humans sup- 
ported by machines and a qualitative end quantitative aasesament of human involve- 
manta to future planned apace tosaionB. 


IV. STUDY OVERVIEW 


The study consists af two parts: a qualitative and a quantitative assassment 

<Flg, 1): . 

PART I 


Extensive resaaroh through applicable study reports and discussions with 
planning and study parmamid rasulted in presently envii^Mied rolee ot hvunans in 
spaoa and a categorisation of tasks assign^ to either humane, humana /machine, or 
machtoes only. 


2 



A1 ITATIVE ASSESSMENT 








PART U 


OP 


A Mission Model was eoaetraetid fitoM evaiUble date end schedides' taken |h»n 
if»plMBble dociBBents and discusstons [3). Overall timelines and project timelin^ ^ere 
g en er at ed and crew requireawnta extracted. 

In order to assist in better understanding of the study content. the definitions 
shown in Figure 2 were estad>lished. 


TERM 

OEFINITICN 

HUMAN ROLE 

TASK IS PERFORMED COMPLETaY BY HUMAN^i OR Bv HOMAif 
WITH HAND-HaO TOOLS BETWON THEM AND TASK OB JECT 
(IVAANOEVA) 

HUMAN SUPPORTED 
BY MACHINES 

TASK IS PERFORMED BY HUMANS WITH MANUALLY OPIATED OR PRO- 
GRAMMABLE MACHINES. ONE COMPLEMENTING THE OTHER (IVA AND 
EVA). THIS INCLUDES RMS. INTERACTIVE COMPUTERS, ETC. 

MACHINES 

TASKS PERFORMED EXCLUSIVaV BY COMPUTERS. TELEOPERATORS. 
AUTOMATA, ROBOTS (WITH HUMAN SUPERVISION.) 


Figure 2. Definition. 

The selected projects analysed in this study woe ludted to Earth-orbital proj- 
ects that were considered sufficiently representative to provide valid results for a 
broad spectrum of orbital missions. 


V. QUALITATIVE ASSESSMENT 


The qualitative asaesament was performed as shown in Figure 3. The projects 
selected for further study were: 


1) 

Space Platforina (atenned and 

unmanned) 

2) 

Geoaymdironotia Platfimn 


3) 

Free-Flying Spaoecraft (Space Teleect^, etc.) 

4) 

Power Syetens 


5) 

Large Space Structures 


6) 

Life Sdenees 


7) 

Solar Terrestrial Science 


8) 

Materials Processing In Space 

(MPS). 
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ROLE OF 

MAHmOHME 


FREFIRRiO 
ROLE OF 

MACHINE 


Some of the projects above were under active study; others were in between 
studies, but restilts were documented. Therefore, data were collected from conver- 
sjitions with cogniant projcnd personnel and from project documentation. Raw data 
were recorded on workslwets. These worksheets were the basis of task categorirm- 
tion into tasks for humans, human /machine, and for machines alone. A sample she< 
is shown in Figure 4 concerning the Science and Applications Space Platform. 


From these work.sheets, manned activities were extracted and displayed in a 

matrix. Human tasks were divided into normal scheduled activities , unscheduled 
activities , and contingency activities. 
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The significencfe of man's role in unscheduled aisf contingency tasks was amply 
demonstrated by Skylab Extra Vehicular Activity (EVA). Premission plans called for 
29 man-hours of scheduiad EVA spread over S EVA periods. During ifaoee periods, 
various eiqwriment mMerials were to be retrieved. As Siqrlab progressed, experience 
and confidence in EVA capabifities grew. Kuawrous imscheduM EVA experiments 
operatkms. repairs, a^ servicing tasks were added. At the concluBion of Skyiab 
82.5 man-hours of EVA. nearly tri|de What was planned, were chalked ip in 10 EVA 
periods (Fig. 5). The axist draamtic added tasks were the repairs that brou^ the 
launch damaged Skylab vehicle to operational status only 2T days, after the damage 
occurred. Without them, the $2.6 tnllion program would have bera in jeopardy of 
failing. 

The preferred human roles based on his unique attributes as derived firom the 
task matrix are: 

1) Rapid response to unforeseen emergenciea 

2) Self contained operation in absence of ground communications 

3) Rapid sensing, reactkm, and velude control 

4) Enhancement of instrument flexibility 

5) Simplification of complex systems 

6) Backup reliability 

7) Equipment repair and improvisatkai 

8) Investigation and exploration 

9) Availability. 


B. Categorization of Functions Best Performed by Humans. 

Human /Machine, and Machines Only 

Using the same matrix data base, the task categories and their assignments to 
humans, human /machine, and machines only were.extraf'ted and are shown in Figures 
6 and 7. 

The projects reviewed and the study of actual precedents evolved a set of 
criteria that can be used to assign functions to humans, huroan/machine, and to 
machines (e.g. , teleoperator). They are shown in Figure 8. 

It is interesting to note that, depending on the type of projects, their sched- 
uling in location and time, there are cou't ’’-current trends in the use of humans 
versus machines. A few examples are si o in Figure 9. Some missions begin 
automated and finally will be manned with some automation involved. Other missions 
will start off manned and will become automated later on with some manned activity 
involved. 

Figure 10 summarizes typical space activities and their assigAment to humans, 
human /machine, and to machines only. The main reason for this situation is that initially 
autcmated mission modes were employed where high risk environments were to be 
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EXAMPIL rVA BY SKYIAE 


•SCHE0Ul£0 r>'A - 29 MAN-HOURS $6 EVA ^RICOS> 

•ATM FILM RETRIEVAL 
•00 24 SAMPLE RETRIEVAL 
•S230 COLLECTOR RETRIEVAL 

•UNSCHEDULED EVA -S3.S MAN-HOURS CIOEVA ra :0S) 

•DEPLOY GWS SOLAR ARRAY 
•DEPLOY TWIN-POLE TICRMAL SHIELD 
•INSTAa RATE GYRO CABLE 

•REPAIR CHARGER BATTERY REGULATOR MOTME l»RM) 
•REPAIR $19} ANTENNA 
•REPLACE S0B2A FILM MAGAZINE 
•SECURE S054 AND SC82A APERTURE DOOR OP0I 
•REPAIR S054 FILTER MfHEa 
•CLEAN S052 OCCULTING DISC 
•INSTAa AND RETRIEVE SAMPLES 
•INSTAU AND RETRIEVE S149 EXPERIMENT 
•INSTAa. OPERATE. AND RETRIEVE TOZS. SD20. AND 
S201 EXPERIMENTS 

•REMOVE SdSS. SQS6. AND S0B2A RAMP LATCHES 
•OBTAIN TEMPERATUIS OF S02OEXPERIMBHT 

•18 EXTRA MISSION OBJECTIVES 

•13 IN-FLIGHT REPAIR TASKS 


Fig^ure 5. Significance of unscbedided task oc: 
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Flgwe 6. Major tasks performed. 
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Fitfure 7. Major tasks performed by 
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THE ROl£ OF MAN IN SPACE IS HIGHLY VARIABLE WITH TIME ^ <0 ..OCATiQN 
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Figure 10. Summary of task categorization. 



and, ttitr*lbr». tte high cMt of <|i^val«iit mattMd visaions would be pro- 
htUtivo. Attmr th» •n¥iMMin«it is otiHlaimttly known, si^NEopriate wanned spacecraft 
can thon bs dosigaod tat Miiisiiwi oost Mud vi«k including autoioaticn in support of 
husMn activttios. In eontfhsl* MHal^ Hsnned sdssions aro omsidaiwd to explore 
taehnical and aciaiitific aathoda and piooaduraa in the apace envircneaent . After 
auffident knowledge and experimce has been aooumulated , aueh of this can then be 
automated lat«r leaving ^leeial, auperviaory taaka to hureana. 
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VI. OtlAMTITATIVB ASSSSSUEMT 


TWs sectkm covers the seHnted missioa no<i<^g ii«l the extrectfen of projected 
reqv&venaents for the support of human presence in space. A schemata overview of 
this part is given in Figure 11. 




Figure 11. Quantitative assessment. 
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A. Mission Model 

Any misskm model will hirve to sssume s number of guidelines. The onen listed 
in Figure 12 are oonsidenMl reaeonable and the best that can be obtained »t this 
time. 


From the data base described initially in this study a mission model cem 
structed. The abbreviations used for the Free*Flyers are shown in the fo}lowln^?; 

ST Space Telescope 

GP-B Gravity Probe B 

AXAF Advanced X-Ray Astrophysics Facility 

POF Plnhole/Ooculter Facility 

STIFT Shuttle Time and Frequency Transfer Bxpetiaient 
SGG Supercooled Gravity Gradiometer 

LAMAR Large Area Modular Array of Reflectors 

VLB I Very Long Baseline Interferometer 

OST Orbiting Subndllimeter Telesct^ 

TAT Thinner Aperture Telescc^ 

GWI Gravity Wave Interferometer 

COSMIC Coherent Optical System of Modular Imaging Opportimity 
VIST Very Large Space Telescope 

SCD Solar Cycle and Dynamics Mission 

LADIT Large Anrt>ient IR Telescope 

The mission model itself is shown in FifUfes IS and 14. The following is to be 
noted with regard to this model: 

1) Only the initial fli^^t dates of a particular spacecraft or paylo<[^ are shown 

2) Each project can require several types of missions during a given year 
(delivery, revisit, reboost, etc.) 

3) Different types of missions may impose different requirements (crew site, 
duration, etc.) 

4) Optimisation of the mission model was not attempted because of limited 
resources. 


B. Timelines 

Figure IS slx>ws a detailed sample of a set of individual mission timelines. 

These were assembled and summarissd into overall annual timelines. A typical page 
from an overall timeline part is given in Figure 16 for the year 1991. Each project 
is divided into missions of various types required for that project. From these 
missions, specific requirements are determined in terms of crew siss, mission duration, 
power, and spacecraft voixane. 
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Figure Summary of mission model (I). 
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Figiare 14. Stimmary of mission nodd (II). 
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Figure 15. Prefect level mission timelines. 






Figure 16. Overall timeline (typical 
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Summing up all indivMUiai proJact/miiiBion timelines providec! the composite chart. 
Figure 17. At the bet tail tlie separate totals lor sortie and non-sortie missions are 
shown as the grand totid4^.year. It should be noted that several early sortie 
missions were exoludsi , Ikies their requirement's would not affect the outcome of the 
study. 


C. Requirements 

Requirements deriSM^ lEeai the previously described mission model are summarized 
in Figin^e 18. The man-di^ ilseded each year to satisfy sortie and non- sortie mission 
requirements are shown on the upper half of the figure. In sortie missions, the 
approximate number of Shuttle flights needed are shown on the vertical scale assuming 
each Shuttle flight yi^ds. JO lMR*da3rs. For non-sortie mission, the equivalmit crew 
size is shown on the vertioal scale. This is the size of crew required to satisfy non- 
sortie man-day requiremeiMs asstasing (1) continuous presence of a crew on-orbit and 
(2) consolidation of non-sortie mission activities in one location. Thus, 365 man-days 
were eqxiated to 1 crew men for 1 year. The use of approximate Shuttle flights and 
equivalent crt size are for rough comparisons only. 

The breakdown of man-days by role is summarized on the lower h:.'f of Figure 
18. The roles used were: inflight maintenance (scheduled), payload retrieval, pay- 
load delivery, assembly and construction, and in- situ experimentation. Nearly all 
in-situ experimentation is done in the missi<m model on non-sortie missions. Notice 
that man-day projections for non-sortio missions are about five times that for* sortie 
missions, and man-days for experimentation are about five times that for other roles. 
The wtvebpe of man-day prqjection for non-experimentation roles was taken froni the 
lower-left and superimpos^ on the lower-right tc emphasise this difference. 

Additional projeoti<ms of mission model requirements are shown in Figure 18. 

The non-sortie man-day requirements are satisfied by l<mg duration missions conducted 
from manned platforms* The maximum pressurized volume of mod dies reqxiieed at such 
platforc.is is shown in the upper left. The volume (in cubic feet) for the Shuttle 
cabin, cabin and long Spacriab module, unpressurized Shuttle cargo bay, and Skylab 
is shown for comparison. The right-hand scale shows how projected volume req\iire- 
ments compare to Spacelab long roodriee and platform crew size. Projected require- 
ments would be higher 'hi tm late 1990*S if there were only one manned platform 
instead of two. 

The maximum crew site for sortie and non- sortie missions is shown in the lower 
left. Sortie mission creww exeeed the present Shuttle baseline in the late 1990's 
because of anticipated SPS^ adivities. 

• ¥ 

The capacity of ptwi#»^^retems expected to be available in the next two decades 
are shown at the upper riglt-. They easily satisfy habitation system power require- 
ments during that era. 

Projected staytimes’fof ci^s a'^j shown at the lower right. Early Shuttle 
missions are constrained > Ik jMidll T days. The advent at large power systems 
stietches that to about lA days for aortie adaaiona and 90 days or more for non- 
sortie roissfons. 
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D. Response to Requirer.y*nts by Existinif Capabilities 


Maximum Pressurised Module Volume Requirements 

The maximum pressurhsed volume required at any one manned platform is plotted 
year-by-year in Figure 19. This was derived by projecting the crew siae for non- 
sortie missions, calculating the volume required for the crew using Celemano's habit- 
ability criteria, adding to that the estimated subsystem volume, and compensating for 
size and quantity preferences for the manned platforms. The largest manned platform 
anticipated during the next two decades would consist of two long spacelab modules, 
launched one at a time, to which a third would eventually be added. After delivery 
of the 6rsC module a crew of two could be supported. The second module ups the 
capacity to a crew of four. In the mid 1990's. the third module increases the capacity 
to six at the largest platform. A separate, smaller manned platform is launched about 
the same time to cover additional volumetric requirements. 


Largest Power Systems 

Capacity of the largest power systems anticipated over the next two decades 
are shown on Figure 19. Two trends are noted, one for ’’operational" systems to 
extend orbiter staytime, support platforms, etc., and cnte for solar power system 
development. The smallest SPS "developmental” unit and the largest "operational” 
unit are about the same siae -- approxinmtely ISO kW. Since 1 to 2 kW is required per 
crewman for a habitat . the "operational" systems expected to be available are quite 
adequate. 


Maximum Crew Siae as a Function of Time 

The maximum sise crew for sortie and non-sortie missions based on the "strawman” 
mission mode! is shown in Figure 19. The Shuttle will be operating at its full baseliiie 
capacity when exchanging crews at the manned platform in the late 1980's and early 
1990’s. In the late 1990's its baseline capacity may be met or exceeded depending on 
how some of the more complex projects are conducted. The maximum crew size for 
non-sortie (omnned platform) missions is four to six through the 1990's. 

Estimates of Crew Staytime 

During the early to mid- 1980's. mission duration.s are expected to be limited to 
capabilities of the baseline orbiter. Although closed loop subsystems and orbit based 
power systeais may extend manned missions to a month, additional volume is necessary 
for longer staytimes. At about the same tinie the power systems are available, manned 
platforms will be launched. The manned platforms are essential for studying long term 
effects of space on man and for laboratory and observatory science disciplines with 
complex, interactive procedures that are non -routine. For those missions, staytimes 
of 90 days or more with continuous occupancy are required for efficient operation. 

Spacelab Evolutionary Derivatives /Permanent Manned Facilities 

Figures 20, 21. and 22 show how an evoluiLonary platform can be constructed 
which responds to the manned mission requirements of the strawman mission model. 

Figure 20 depicts a multipurpose experiment module attached to the 25 kW power 
system. In this mode, significant transportation savings result front leaving a comple- 
omnt of laboratory and experiment support hardware on-orbit. The multi-purpose 
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Fijfure 19. Requirei 3 nent 8 summary (II). 
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Figure 20. Spacelab evolutionary 
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Figure 21. Spacelab evolutionary derivatives for science and applications manned space platforms. 
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experiment module could be intermittently manned to the laboi. tory and b 
maintain /service equipment. An EVA airlock is provided to guarantee EVA ability 
during berthed operatkms. 

Figure 21 shows how a subsystems support modulo n^ty ; -xided to uf^ade the 
previous configuration to a manned free- flying vehicle - in iependent oi the Shuttle 
except for crew rotaticm and resupply. In this mode a cre«v of four moy be . ustained 
for up to 90 days. Redundant systems and the capability to laxinch a Shuttle re-icue 
mission enhance vehide safety. 

Figure 22 indicates how the configuration may be further upgraded to support 
a crew of six or more and, if appropriate, support dodjoatcHi ; ..r >-ir» •' a'*- ~ 

Long system lifetimes are provided by thorough in-flight maintcr-- T’u' , 

systems and logistics carriers are likewise upgraded. The last oomiguration shows 
how dual intermodule connections can be provided to further enhance vehicle safety. 


VII. SUMBAARY 


There is a strong role for humans in future space programs. Automated systems 
will be used to project roan's senses and selected capabilities into space, in areas 
inaccessible to humans with present systems. In many instances they will precede 
humans. In areas where human functions in space are less demanding and tasks have 
become routine, automated systems may take over. Where human capabilities are 
heavily taxed or where automated systems need some in-situ supervision to respond 
to unexpected emergencies or to exploit unforeseen discoveries, complementary human/ 
automated systems will continue to be used. 

A strawman mission model was developed in cooperation with cognizant program 
personnel. Projections were made of crew size, mission duration, pressurized space- 
craft volume, power requirements, etc. Trends of human roles were likewise pro- 
jected. 

Existing capabilities and evolutionary extensicms thereof were compared to 
projected requirements from the strawman model. Capabilities of the Shuttle and the 
Shuttle/Spacelab combination were effective in satisfying projects requirements until 
the late 1980's or early 1990' s except for long duration manned missions. 

A manned platform similar to SAMSP satisfies the unique mission requirements 
that existing systems cannot. It satisfies those needs without resorting to extensive 
use of totally new systems. SAMSP would play a supplementary role to the Shuttle 
freeing it for the heavy delivery /retrieval, maintenance, and sortie traffic anticipated 
in the 1990's. 


SO 
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